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The present invention relates to a distributee computer system and relates particularly, but not 
exclusively, to a multimedia distributed object-based conference system. 

The object-based aoproach to system development >s becoming well-established. The basic idea <s to 
program the system in terms of software objects, each having its own data ana methods for operating on 
the oata. Objects intercommunicate by means of messages. An advantage <n encapsulating data and 
metnods .n tms way is that the resulting system .s relatively easy to maintain and develop. An example »s 
NewWave Mail (produced and sold by Hewlett-Packard) which «s an ob)ect-based electronic mail applica- 
tions program ,n which messages anc message components, such as text, distribution lists, etc. are treated 
as objects. 

An object can be regarded as a discrete entity which can individually be moved, copied, destroyed, etc 
An obiect is initially some data stored on disc or other medium. If object management software w.snes to 
pass a message to it. one or more processes will be initiated which read the data as part of initialization, if 
an object «s fully defined by its data and has no processes associated with ,t. it is sa.d to be "inactive- if an 
object has one or more processes associated with it and <s defined by the state of that process or 
processes and data then it is said to be "active**. 

A distributed object based system . s one m which several workstations are interconnected over a 
network and messages between objects of the system can be sent over the network. Obiects themselves 
may also be transmissible over the network. A network may comprise several interconnected intelligent 
workstations or a central computer connected to several term.nais /workstations) or several interconnected 
server machines with intelligent workstations connected to each server, or a mixture of these possibilities. 
The term "workstation" is intended to be applicable to ail of these possibilities. 

in a distnouted object based system there are benefits m splitting sharabie semantic and presentation 
parts so as to enable more than one user to access the semantic part of a shared object. For example. >n 
the context of a distributed conferencing system a whiteboard object would have a semantic part defin.ng 
the state of the object and a presentation part for defining the appearance of the object to be displayed to a 
user and for enabling the user to make input. Several users may have access to a presentation part for 
v.ewmg the whiteboard object so that they can each mane contributions in a manner similar to a group of 
people clustered around a real whiteboard. 

The workstations may be arrangea m a client-server arrangement with semantic object parts stored on 
server machines and presentation object parts stored on client machines. Alternatively, semantic object 
parts may be distributed around user machines on a network of intelligent workstations. 

According to the present invention we prov.de an object based distributed computer system comprising 
a network of workstations and means for transmitting objects between workstations characterized by objects 
including a first object type for storing data and a second object type for presenting data to a user, wherein 
objects of the second type reference an associated object of the first type to enable a plurality of users of 
workstations to access data of the object of the first type, comprising means for transmitting an object of 
the second type between workstations thereby to create a reference to the associated obiect of the first 
type for each workstation receiving an object of the second type. 

The present invention provides an effective way of enabling further users to have access to a semantic 
object part, either for the purpose of autonomous working or for the purpose of participating m a joint 
activity. 

in the embodiment to be described, the system comprises means for copying an object of the second 
type between workstations. In that embodiment transmuted obiects of the second type include an identifier 
for the associated object of the first type. 

The system according to the present invention may be m the form of a conferencing system comprising 
means enabling users of the workstations to participate <n a meeting over the network wherein objects of 
the first type store meeting data and objects of the second type are for presenting meeting data. The 
invention also prov.des a method of convening a meeting using such a system comprising transmitting an 
object of the second type between workstations thereby to create a reference to the associated object of 
the first type for each workstation receiving an obiect of the second type. 

it is believed that poor communications are a major cause of the poor performance of distributed teams 
of people working on a given proiect. The present .nvention aovantageously provides an improved 
conference system for facilitating distributed meetings. 

A particular embodiment of the present invention will now be described, by way of example, with 
reference to the accompanying drawings m which- 

Figure 1 is a diagram of a distributed system according to the present invention: 
figure 2 shows the major components of a server and workstation of the system: 
Figure 3 snows a voice and data network structure: 
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windows. 

A possible video network is shown m Figure 5 The video network >s based on a central video switch 54 
connected using a star topology to client wcrks:aticns C Video signals are modulated on to VHF earners 
anc transmitted over standard analogue cabling 56. The video switcn 5-* ■$ a conventional cabie television 
s switch, Several sucn switches can oe cascaded m a bar arrangement for large systems. 

For long distance video communications, a device 58 for compressing and decompressing vioeo 
signals fa "cocec"> may be used and the signals are transmitted using ISDN tetepnene lines. 

The architecture of ;he object-based system 10 win now be described. 

With reference to Figure 6. the structure of one user's portion of the system is represented. The 
'0 functions of the obiects are as follows: 

a Venue object (V) is an electronic meeting place allowing control over media channels and providing a 
location for storing shared objects. A user may have several Venue objects: 

a Phone Booth object (PB> controls the creation of Venue objects and oversees the setting uo. 
maintenance ana ciosmg down of conferences. The P8 composes a processor for handling incoming and 
-5 outgoing calls: 

a Connection Manager object fCMi controls driver components <0- ... D n j which handle media 
connections for the system 10: 

a Directory object fD) which provides a list of potential meeting participants. 

Object X represents another system object for performing a specific meeting-related function, eg. a 
20 whiteboard function. 

Figure 6 is a conceotual representation of the system 10 and the arrows represent inter-object 
communication. In the emoodiment being described, the system comprises client workstations C and' 
servers S ana most of the objects referred to m Figure 6 are functionally-split into a server component and 
one or more client components as indicated in Figure 7 
:s The server objects handle the centralized and distribution • oriented aspects whereas the client objects 
handle the presentation aspects. Hence shared applications can be written with one server object connected 
to a plurality of client objects on different client workstations 

In Figure 7. PB-s means a Phone Booth server object and PB-c means a Phone Booth client object, 
and so on. 

io in this embodiment, the client objects are implemented as NewWave objects ie. several new classes of 
NewWave objects have been added: Venue objects. ROAM objects. Whiteboard objects. Phone Booth 
objects. Thus the semantic part of these functionally split objects runs cn an HP-UX server and the user 
interface runs cn MS-DOS NewWave client workstations 

The client workstations are each running an object-based system of the type described m European 
35 Patent Application No.339220A. the description of which is incorporated herein as Appendix A. Appendices 
A-0 mentioned in attached Appendix A are not attached as part of this application but are incorporated 
herein by reference. Appendix A describes how objects are linked together by parent-child links and how 
^ objects can be copied. During a copy operation, the container of the object to be copied sends a message 
to the OMF28 asking the OMF28 to copy the reievant object and identifying the container object which is to 
jo receive the copy object. 

The OMF28 performs the copy function and then sends a message to the target container object 
instructing it to insert the copy ooject as one of its child objects. 

Mailing an object involves serialising the object, transmitting it to its destination and deserialising it. 
Serialising an object involves converting it to files, say DOS files, containing the data of the object and 
js information about its properties and its child objects. 

Server objects are not linked by parent-child links in the manner m which client objects are so linked. 
All client objects contain a reference to their associated server obiect. Figure 3 shows the form of aata item 
60 used to name objects. The data item 60 is an eight-byte array following the convention used for internet 
Protocol (IP) addresses. The first 64 bits »s a machine identifier M I 0 comprising a 32 bit server IP address 
so ana a 32 bit machine IP address. For a server object the server IP address and the machine IP address will 
be the same whereas for a client object these will be different. If there is only one domain per machine, the 
domain identifier D 10 is zero. The object identifier O I O comprises a 32 bit generation count and a 16 bit 
tag. The 16 bit tag uniauely identifies the object within the relevant storage domain. Since tags are reusable 
when an object is deleted a generation count is used to ensure that each object is uniquely-named m time. 
55 The generation count is simply the time m seconds. 

When a client object is closed (inactive) it appears as an icon on a user's screen. The user opens the 
object by clicking on the icon Opening a client object causes it to send a message to its assooatea server 
obiect informing the server ooiect that the client object is now active ;.e a Here Am I message. Until then. 
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Figure 4 shews video facilities for a client workstation. 

Figure 5 shows a video network structure: 

Figure 5 illustrates the mam objects in the system 

Figure 7 illustrates the functionally split nature" c'f :ne o 0 ,ec!s <n tn e system 

ngure 8 shows the maior components of the system infrastructure- 

Figure 9 shows a typical Venue: 

Figure i0 shows a CoMedian directory: 

Figures 1 1 - .4 „i uS trate message sequences for system operations 
i-'gures I 5 - 27 show screens during a tyceal user ses<mn 
The mam components of a multi-mea.a distr:0uteo -,o,e"ct-na< 6 f -on fo ^ 
■nvenhon w.n first be describee. '-onferencng system according to the 

Referring ; 0 Figure I a multimedia distributed "hect-haw* -„„.. 
cresent ,nven t ,on , s md.cated at .0. T he system , 0 c^™^^^"™ '* < he 

network 12 may be a wide area network (WAN. -r - J/? " *-°™ected over a network 12. The 

n.^ (MAN), dent workstations ^"ed " * area 

Servers S communicate with each other by opening -,nJal ZuZ7J * S 

People. Cent workstations C could commun.caK d.rec y" m . oZ J™ ? S6fVerS 
.and therefore each den, workstat.on C has only one .rtual cZnl **** pr0b,ems 

cent workstations to communicate w,«h each other ™ S '° " S ^ 5 '° enaWe 

Referring to F.gure 2. each server S comprises. 

hardware U. such as an HP9000 300 HP-UX .--,m.w a , 
Company): U -' m ^ lSr (HP .s a trade mark of Hewlett Packard 

operating system software 16, such as HP-UX software- 
Remote Obiect Access Manager (ROAM) software i ft m, 
workstations C connected to the server S and other serve" on <£„ZT 9 C ° mmun ' Ca " 0ns 
COM software 20 providing obiect management facilit.es- 
server obiects 21 which are obiects to *p ch,,^ i-.=, 
oo.ect parts ment.oned ,n the "rSSon °° ^ * *• semant.c 

Each client workstation C comprises: 

hardware 22. such as an IBM-AT compatible PC: 
operating system software 24. such as OOS'softwaie 
windowing software 26. such as MS Windows applications software: 



„e»n, a „o„ D a rl! * * 00ieC,! * C0 "" K " a 10 - 

"vrurr^ :v ~ r 'r ,ac ' ~" » — » 

server S. >.ansm.tted over the network 12 via the associated 

The system to provides multimedia facilities to u c*« c or * 
voice and or v,deo communication faclit.es as X^a ^Z^^™ "~ C ^ "~ 

A possible vo.ee ano data network structure 40 ,s shown ,n R QU J 3 n Zl n , , , 
and 3. a networked PC server 42 ,s connected to the local PABX Z Pr L * ** ° eSl 9 na,ed A 

muiti-port telephone .nterface cards (such as the VBx ™ r f ' SefV8r 2 C ° nta ' nS 006 0f mofe 

PABX ,s controlled by the PC server 42 and USefS r J * ^ by NatUfa ' "*.)• The 

are connected to thecal PABX^l" ^^t^Z^s c" " ^ 
Each o, the s„es A and B comprises a LAN and a LAN WAN bnoge mte^Img ;he LAN w ,th a 



WAN 



in order to conduct conferences over a wiripr ar c- or,* ^ 
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Button Appearance 


Meaning 


No button 

White, unnighlighted 
Slack 

Red 


This person does not have this meoia channel available. 

The media channel is available, but not cnosen for use. 

The media channel has been selected, but is inactive because the person 

is not present in the Venue or the connection has not been completed yet. 

The media channel is oemg used. 



The lower portion of the Venue is taken up by the shared object area 73. This acts as a snared foiaer 
storing objects on the server and making them accessible to all users of the Venue. Inactive obiects are 
represented by an icon such as icon 38 m Figure 10. Obiects m the shared object area 78 may oe client 
objects e.g. Whiteboard client oojects. or may be standarc NewWave objects, it >s possible to move obiects 
into and cut of the snared object area 73 of the Venue-client object. Moving a functionally-split object such 
as a Whiteboard object into the shared object atea 78 does not entail moving the Whiteboard-server object 
but just the Whiteboard-chent object. The OMF28 instructs the Venue client object to insert the Whiteboard- 
client object as one of its children. The Whiteboard-client obiect is then serialised by the Venue-client 
object ana sent to the Venue-server object. The Venue-server object updates ;ts other active Venue-dtent 
object with the news that a new Whiteooard object is available m the Venue and these Venue-client objects 
disolay the Whiteboard-client object icon in their shared object areas 78 accordingly. The Whiteboard- 
server object remains on whatever server it was initially stored. Subsequent opening of the Whiteboard 
object by any of the users of the Venue cause a copy of the Whiteboard-client object to be serialised by 
the Venue-server and sent to the relevant client-workstation where it is deserialised providing access to the 
contents of the Wmteboard object for that user. When that user subsequently closes (deactivates) the 
Whiteboard object, the copy of the Whiteboard-client object remains on that machine for subsequent use. 

in contrast, if a NewWave object icon is moved mto the shared object area 78 of a Venue-client cbiect. 
this causes the NewWave object to be serialised and sent from the client workstation to the server machine 
which stores the relevant Venue-server object. The Venue-server object then instructs its other active 
Venue-client objects to display the relevant NewWave object icon Subsequent opening of the Newwave 
ooject by a user of such an active Venue-client object causes a copy of the NewWave object to be made 
ana sent to the relevant client workstation. Each such user thus obtains a separate copy of the NewWave 
object and changes which a user makes are not reflected m the copies held on the other users' machines. 
This is a consequence of the non-functionaiiy split nature of NewWave ooiects and is an impiementational 
feature rather than one which is important to the present invention. 

There is one Phone Booth server object on every server machine and one Phone Booth client object on 
every client workstation. The Phone Booth client object arranges for the creation and activation of Venue 
client objects on client workstations and the Phone Booth server object manages the creation of Venue 
server objects and the convening of Venues. On opening a Phone Booth client object the user is presented 
with a directory 90 of oossibie meeting participants as shown m Figure 1 1. The directory 90 comprises a list 
92 of potential participants, an area 94 for displaying a picture of a participant, a media selection area 96 
and an options area 98 displaying three options: Convene Select and Cancel. Unavailable media options 
are greyed out tn the area 96. 

When a name is selected by choosing the Select option and then selecting a name from the directory 
90. a picture of that participant appears in the area 94 as snown. The media connections are selectable by 
checking the relevant boxes in the media selection area 96. Checking the box beside the name of the 
person in the area 94 ados that person to the list of Venue participants. In addition, the initials of the media 
options chosen (Phon6. Video. Data) appear against the participant's name tn the list 92. A previously 
selected participant can be de-selected by de-checking the box beside the name of that person tn the area 
94 Taking the Cancel option means that none of the changes made since the window for the directory 90 
was brought up will pe implemented. The Convene option win be described later. 

There is also a Connection Manager obiect on each server machine providing the facility to interconnect 
users using different mecia. The Connection Manager obiect handles the generic operations involved m 
establishing non-data interconnections. Drivers for each medium available, eg. video, telephone, handle the 
specific operations involved m carrying out switching reauests curing use. The Connection Manager obiect 
performs the following services: 

maintains a list of media resources available m the system 
- detects wnen resources fail 

* monitors resource channel availability oe. monitors, microphones, speakers, cameras): 
sets up connections oetween peopie using afferent media: 
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the server ob.-ec: >s unaware of the existence of the -i.«nt ob,e-t m vh-, „ h , 
server ofcl ects are ncn. ce r S ,sten, an, , s Z^T s oi * ^ b6,Ween C " ent anc 

™ «' a ™*"9 cent o„ec, an, ' ^ ^ r $ S;^? - 
corresponding cnent ob,ects wh.ch are currently actw* Orenmn - I * ,ne ' aenf,t,es °' 

s «n. state of the ob.ect ano can ma*e ,n pu , Tn he ci-e^, ' T ^ 3 US6r Ca " v ' e " 

server ooject. 0b|eCt fe, 3 u,ar| -/ updates, and , s UDCated &y ;he 

Figure 9 depicts the components involved m a , ypiCa , ac , lve S(irvpr f 
C.en, ob,ects on two different c .,.n, workstations C- ann C Sen ctteT, , " MS0C!Wed W " h 

==mpns.ng components ident.fymn the rp|Pv-ni n,««. ' g ' V6n 3 umQue 0D,ect 'Oentif.er 

- n-n-r for tne P ar„cuiar ob.ect' On £ ^ , T :X^a£,' ,,, ^ ^ « * 

for keeomg a record of what ob.ect* are D re«ntiv ,n V r !? ' management faonty ,OMF) 60 

-n oO.ect creat-on and deletion. ob,ea nam ,ng c^lT :° rkSta,l ° n ^ ^ ' S '^'^ 

routing. Th, s , s a stance NewWave OMF Ce Tl Tj . de5C, ' vat,0n 3nd «"«^t message 
f!at.ca«y i-nxed to each client ob,ect CO prnvidina acc-sV"! man39er ,C0Mue - C > 6. 

other words, the COMU8-C 61 has been addld ,n J '""ct.cnai.cy of a ROAM client oc,ec t 62. m 

fcn C „ona„y sp..t ob,ects. Co^ £ ^J^™" ^ ? ^ »" «"•«■ * 
need to know the ob )e ct identifiers of other oo^as ^, tt f l^.on " °* " ^ °^ 

men, ^J^^Z ^Z^tT^ ^ ^ " R * ™^ 

■c 54 A server ob.ect manager u^c^s^^^^ system software 

access to the funconanty^f the ot eit man^en l ^l ^^T "T **« S ° 

When cent ob.ect CO- w.shes to send a message > Trne^nZ. < *" Ct ^ 
client ob,ect 62 passes the message to the roam «rv~ . W Ser ' er 06)ec ' Sa the R0AM 
server o^ec, SO. Messages from me se^e c b^e a S " c 2 * PaSS6S ^ me " age °" t0 the 
s message to be sen, between oc,ects on mFs^ ^^JZT* ^ " 3 

mvolvmg the ROAM server obiect 66 u Mun « T COMLIB-S 65 sends it directly w.thou, 

66 and. ,n th, s way. conlS^"*; S — - «OAM server ob.ect 

possible. ' 6en U ' ent wo,kst ^ons connected to different server machmes .s 

« n be se e„ ana »her e M c *' °° 3 wncwno' a, ea 76 »he„ me pec,, ,„ „ venoe 

"Mil antral bunon, 86 The Mmin 80 h. « ! " -' ee,in 9 M ' '« 

-.nbbw, „ ivi„ at) ie an, me »4o ™"n., s " Is. 60 aCM ° V 3 mM,c " '" 38 ° «*> «> 

can ^"Tn^ rsre^r meo,a euMns 86 «~ «« ««. «- «. 
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workstation B to the Phone Booth server object PB-s. » the invitation is accepted a Create Venue message 
(referenced 6) <s sent from the Phone Booth server obiect PB-s to the Phone Booth client object PC-c' 
which causes u to create a new Venue client obiect V-; on client workstation 8 involving sending a Here is 
Parent message (referenced 7) to the new Venue • client cbiec: V-c' to notify it ol the identity of the Venue 
server object v-s. The new Venue client obiect V-c' then sends a message (referenced 8) to the Venue 
server ooiec; V-s requesting information about the contents of the Venue. The reply from the Venue server 
cbiect V-s is referenced 9 m Figure 13. 

Messages corresponding to those referenced 6-9 are sent between the server S and client workstation 
A so as aiso to create a new Venue-client cbiect v-c on that workstation and these messages are 
1 referenced 1 0- 1 3 m Figure 13. 

Finally, the Venue server obiect V-s sends a request (referenced Mi to the Connection Manager obiect 
CM to set up the chosen media connections and the Connection Manager object instructs the relevant 
media drivers accordingly (dotted line referenced 15). 

The users of client workstations A and B can then communicate using the newly created Venue 
it is also poss.bie to convene an existing Venue by selecting the Convene option within the Venue 
Th, s inmates a sequence of events wh.cn will o e described with reference to Figure 14. Again, a server 
machine S and two client workstations A and B are represented. 

The user selection of the Convene option ,s referenced i m figure 14. Th.s causes the- Venue client 
obiect v-c to send a Convene Request message (referenced 2) to the Venue server obiect V-s which 
notifies the Phone Booth server object PB-s of the convene request in a message referenced 3 wh,cn 
identifies the intended meeting participants. The Phone Booth server oo ( ect PB-s sends a Ring me«age 
(referenced 4) to the Phone Booth client objects PB-c on the workstations of the intended meeting 
part-cipants causing a dialogue box to be displayed on these workstations inviting the users to partake in a 
meeting. When these users accept or decline the invitation th.s causes a reply message (referenced 5) to 
be sent from each Phone booth client object PB-c' to the Phone Booth server object PB-s. 

The next step is for the Phone Booth server object PB-s to instruct (message referenced 6) the Phone 
Booth client objects PB-c" to create new Venue client obiects V-c' on mach.nes where a Venue client obiect 
linked to the Venue server object V-s is not already stored. Such new Venue ci.ent obiects V-c' then seno a 
message (referenced 8) to the Venue server object v-s requesting information about the contents of the 
Venue so that the appropriate .cons can be displayed m the shared area 78 of Figure to on the respective 
client workstations. The reply message containing' information aoout the contents of the Venue from the 
Venue server obiect V-s is referenced 9 in Figure 13. 

The Venue server obiect V-s then sends a request (referenced 10) to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager obiect instructs the relevant 
media dr.vers (not shown, accordingly (dotted line referenced in. The distributed meeting can then 
proceed. 

A user can also set up a new Venue by selecting a Create a New menu option .n NewWave Office 
_ (F,gures 14-17 of Apoendix A). On opening the new Venue-client obiect a Venue-server object also needs to 
be created. Figure 15 depicts the process. A server machine is indicated by S and a client workstation by 

c . 

The act of opening the new Venue-client object V-c causes it to send a message (referenced i ) to the 
Phone Booth ci.ent obiect PB-c which triggers a message (referenced 2) to be sent from the Phone Booth 
client object P8-c to the Phone Booth server obiect PB-s requesting creation of a new Venue server object 
V-s. The Phone Booth server object PB-s creates a new Venue server object V-s using a Venue Start 
message (referenced 3). Next the new Venue-server obiect v-s sends a Here Is Parent message 
(referenced 4) to the Venue-client object V-c contain.ng the ID of the Venue-server object. The new Venue 
client object V-c then sends a message (referenced 5; to the Venue server object V-s requesting 
information about the contents of the Venue and there « a corresponding reply (referenced 6) from the 
Venue server object. 

It is possible to add new meeting participants to an active Venue by selecting an Add New Member 
menu option. Th.s causes a directory of potential participants to be displayed as shown m Figure 1 1 to 
enable the selection of one or more further participants and associated media connections. Information on 
these choices .s conveyed from the Venue client object to the Venue server object which updates the 
control panels ol the relevant Venue client objects. Chosen new meeting participants are not aware of any 
change until someone convenes a meeting. 

When a user elects to close a Venue by selecting a CLOSE option this causes a message to be sent 
from the relevant Venue-client object to its Venue-server object informing the Venue-server object that the 
Venue-chent obiect is deactivating. The Venue-server object then messages the Connection Manager object 
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• point-to-point 

• muiti-comt: all that are available 

maintains list of established connexions anri *nc. c ™ 
a model or the state of other networks »yncnren, M e»n w„n other networks « mamtams 

oot.m,«s etching to prevent unnecessary disconnect -connect transactions- 
urovices an interface for monitoring ano auditing: 
provides interface to media drivers. 
Another functionally solit ooiect which ,c rm.^-w „ 
~~» - a snared co^^ A —card ob.ect 

■c Wh„eocard or acquire an ,mage from another source "and Z n , ■ ' tVPS ° n h ' 5 her 

same Wh.teboard on deferent client wo -„on< Th '* ° 6 V ' S ' b ' e t0 0ther users v,ewin 9 ^ 

— — «« » ^ .^i^x ,s an ,n ' crm5t,on ^ 

-s devoid to d.splaymg the concerns £ ZebcaM n'r ! ^ '° 6 °' ^ ^ '°° 
Hawett-Pac.* office. At the bottom o, th ZTw * I T^olL?" T"* °" ^ °' ' 
are avaiiab.e to the user of the Wh.teboard. These rn 0 ,< "omJX 9 * ^ °' '°° ,S wn ' C ' 
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a scroller 
a pointer 

a selection of different coloured pens 
an eraser 
a text selector 



MO 
l»2 
t u 
116 
118 
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Only one user can move the oomfpr 112 a » ~ a 

Po,n te r , 0 go - this turns the c^X Tpo * ^T^T ^ ^ ^ ^ ^ ^ ^ 
canno. see the pointer n 2 . To shew the i ,? ,h! ' JSe ' S V ' eW ' n9 the Wh '«e"oard 

the drawng area .06 The D0.nteMl2 .hil T ***** 10 C " CK " d0wn 31 a cn «en po ,nt m 

ego. enao.mg different use , s to mate ,n P ut n ^Z Z£ T "'^ * ^ °" ™' 0 ™* 
Wn^dTan toZZ^^^X ^ *™ ^ « ™ - 

c^:,:::Z£Z':z^; sta,us message ,2 ° as «« — • *. 
r^^rr; i a r ,em accord,n9 to ,he ^ *• e*™™,* 
conv^%;r a ^s p :^ *r* ed wm re,erence ,o pi9 - " « — ^ 

and the numbered seg uencl TZ s Z s FiouTe n T ° b,eC * FiQUre 13 Sh ° WS ,ne ° b)eCtS 

workstat.cns A and 8 connected ,o tnTw^"^?* * ^ maCh ' ne S V "° C " em 
Phone Booth Cent ob.ect PB-c. On the Vrve ' ch^nTs t ^ C " enf VV ° fkSta,, ° n * here ' S ,n '" al " a 
and a Connection Manager object CM ^ ' S ' P ' ,,a,,y 3 Ph0ne 8oo,h server ob <^' PB-s 

Booth cent object PB-c to the P^o^Z^^ ^l ^TT^ \* T "* ^ 

Booth server obiect to create a new VpomJ - ! b, * c ' P8-s on the server mach, "e S causmg the Phone 
The Phone Booth server ob'ec Z. ™.™?^*"*" 3 * **" '^'^ 3 '' 
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To "open" an object, the user double clicks on the relevant icon Referring to Figure 17 Martin has 
ooened the Project Meeting Venue which is shown m a *moow 1 74. The wmaow 174 has a menu bar i 76 
wmch has similar options to tne menu bar 1 30 of the wmoow 126 except a Meeting ootton instead of *:ne 
Setting option The window 174 displays a participants area 178. showing only Martin, and a snared items 
5 area 1 80 which :$ empty. Underneath a bit map 1 82 of Martin is a name bar 184 which includes a 
notification of oresence and three media control buttons 185-7 for Phone. Video and Oata respectively Oniy 
the Oata button 1 87 i$ highlighted m this example, ie. blacked out m Figure 17 

On selecting the Meeting option from the menu oar 176 of the window 1 74. a CoMedian directory 
^mdow 190 apoears. Figure 18. The reference numerals for the CoMedian directory which were used m 
■•0 Figure 11 will be retained here. Martin selects the name Richard Jennings from the list 92 of potential 
participants causing a picture of Richard to appear m the area 94 together w.th crosses m the video and 
oata boxes m tne area 96 to indicate Richard's media selections. This means that Richard will be contacted 
through :he system for data sharing with both video and audio travelling over video connections. Martin then 
dicks on the Convene button in the options area 98 to add Richard to the Venue which causes Richard's 
image to jom Martin's image m the Venue as shown at 192 m Figure 19. Richard is marked as absent at 
194 and a banner 1 96 .s displayed indicating that he has been invited Martin has selected both video and 
data connections for himself m order to match what was selected for Richard. This causes the video and 
data outtons 1 86 and 187 to be highlighted in a first colour to show that they are currently in use albeit only 
locally to Martin s own workstation. Richard's video ana data media buttons 186a and 187a are highlighted 
20 m a second colour to maicate that they have been requested but are not yet m use. 

While waiting for Richard to join the Venue. Marttn »s moving tne Design Notes and Oesign Principles 
objects 170 and 172 into the shared items area 180 of the Venue by :iickmg on each object and dragging it 
to the area 1 80. 

Moving /iow to Richard's workstation, shown m Figure 20. the invitation to jom the Venue has reached 

js his machine and has caused a bell 200 to appear at the bottom of his screen. The bell 200 is flashing and 
making a ringing sound to attract his attention. Richard clicks on the bell 200 and the result is shown in 
Figure 21 An invitation message box 202 >s brought up telling Richard that he has been invited to a 
meeting and giving the name of the meeting and tne name of the person who convened the meeting. The 
invitation message box 202 comprises two options: Accept and Decline. Richard clicks on the Accept option 

jo to accept the invitation to join the meeting. 

Referring to Figure 22 accepting the invitation causes a Venue client object automatically to be created 
and a window 204 to be opened for Richard. The chosen media connections have been set up so that 
Richard can now see and hear Martin and the objects that Martin has placed into the shared items area 180 
are available to him. Figure 23 shows that Martin can see the same Venue having the same contents on his 

j5 workstation. Referring to Figure 24. during the meeting. Martin has opened a window 206 on the Design 
Notes whiteboard object. Martin informs Richard of this so that Richard can also view the whiteboard object 
and then both Martin and Richard can scribble on the whiteboard and view each others input. When their 
t meeting is finished both Martin and Richard close and save the Venue. 

Figure 25 shows the Venue object 163 saved m Richard's NewWave office. In Figure 26. Richard has 

*c just opened his NewWave office and is viewing the Venue »68 m a window 208. Martin »s not present 
(although he would be if. comcidently. he had his Venue open at the same time as Richard. In that situation, 
the relevant meaia connections would automatically be set up). Referring to Figure 27. Richard has selected 
the Meeting menu item using the cursor 210 so as to bring up the CoMedian directory 212 and he has 
selected Ed Oavies in the manner previously described. Ed Oavies does not have video capability, instead 

-5 he is selected by telephone. Clicking on me Select button will cause Ed to be added to the Venue without 
beginning a Convene operation. 

Referring to Figure 28. Richard is about to initiate a Convene operation by selecting the Action item 
from the menu bar 214 of the window 208. and selecting the Convene option from the corresponding menu 
216. Since Ed ooes not have video capabilities, the audio from his telephone would be mixed into the video 

so feed mto Martin and Richard and their audio signals would be sent to Ed's telephone during their distributed 
meeting. 

Turning now to Figure 29. a new session is beginning on Richard Jenning s workstation. A window 220 
contains Richard's NewWave Office. Richard has created an outgoing message represented by the con 222 
caileo "Meeting Request" (using the "Create a New" option from the Action Menu - see Figures 14 to 17 of 
55 Aopendix A) In Figure 30. on opening the outgoing message 222 it is displayed m a window 224. Richard 
has completed the distribution hsi 226 and written a cover note 228. 

Referring to Figure 31. a new Venue-client objec: represented by the con 230 is created (again using 
the "Create a New" option). The Venue-client object 230 is copied and oraggea mto the window 224 
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(o disconnect the media connections 'or the Venue-Cent ooiect which 

ob,ect sencs messages to al. of „s other Venue-cent oJ^^'^^J^ Ve -— 
par„cuiar Venue-Cent ob.ect so that these other Vsnue-han. ^STT 2 ' ! ° ' * dMct,v « , ° n °' ^ 
tie relevant meetrng member ,s now absent. * ' *" appearan « t0 '"ccate Wat 

= Anotner way of setting up a distributed meetmo is ln r a .,«r ,n ^ 

«i. oes.red meeting participants. A Venue-cen, eject * rXe'ce K a Ven" 9 T "T^' " 
venue-c:,ent object to other workstations creates a eference « o Z VI "p™™ Qb * a C ^' n 9 a 
other worKstations because m the copying process tne Venu^.lV? Venue - sefver ob ' ect ™ "™ 
coiect is observed. Venue-client obiect's reference to us Venue-server 

'5 There are different ways in which a Venue-cent ~b,ect -=„ 

» -uae the Venue-Cent ob je ct ,n an e-ec'tr on c Z I'^^t^"^ ^ ^ ' % 
message ,s created ,n the normal manner e.g. usmn H^P^L . Z JJ T\ " C,r ° n ' C m3 " 
co.ect is included ,n tne message using a standaro copy olToT^Z^ ™ * 
*e message, they place the Venue-Cen, ,n ,he,r , 0 econ * ,L2 n ^ f** 8 " 66 rSCe ' VeS 
■■5 meeting. At the relevant „m e . the meeting part.cipan ol " e /vA ? apB,aDon the ^"com.ng 
meeting. On opening the Venue-c.ient WtTi.^ ° t,eCtS *° C ° mmence the 

th. Venue-cent ob.ects send a Here Am mes age J Si 2 ZZ* a v\n T ' S au, ° ma,,Ca " y updated and 

Another option „ for the user w.shing to set up * Z^^Z^"™ 
o b) ect and to senanse the copy of the VenueJe^ to *l ^ TZlT*?* VenUe " C ' ient 
» such as a networ* dnve,. This fi.e may then be J T' T 

oan.cip.nts and desenahsed thereby providing each of these C a ticVan T me ,' ntendea meetin 5 
obiect and thereby means for accessing th* « ft >, al1 t! par,ici ° a ™ »,th a copy of the Venue-chen. 
distributed meeting ^cess.ng th. a.-ouated Venue-server objects in order to take part m the 

A new Whiteboard-client object can also be created usma the "r, ea » 0 am- 
.5 Office. On opemng the Whiteboard-Cen, ob,ect a n 1 "bo" ?J£ rl . \ . ° P,, ° n NewWave 
orocess is analogous to that described w,,h reference ,^1^ 7 ' C ^ '° 56 Created ' The 
with references to Whiteboard ob,ects 9 5 fe ° laC ' n9 re,erences <° v «™ ob,ects 

» c Cl ect m oroer to imtj c^pn^™ e ^ ^1^^ Wh '^- C "- 

that shown ,n Figure 15). 1 9a usm9 a P roce ss analogous to 

neu^^^^^ZZ^tST ^ > 8 " P ' ed a " d —m.tted ,n an electron, ma„ 

reference to the Xant Wh tedoTo ^ oCT^ 0 " ^ ^ ^ adVanta9e * Crea, ' n9 3 
s is obtained s.nce each copy of the WhZoLTr Jn P ° C ° P ' ed White ^rd-cl,ent ob,ects 

o b) ec, (as described wit! J reUnci f« ^Rguret ' C ° n,a ' nS 3 feferenCe ^ "° *™ 

Hypothetical users Mart,n. Rich, and Ed " '° F ' QUreS ' 6 t0 33 ,nv0,vin 9 

A w,ndo; e ,2 6 6 h h a 0 s WS * °' ' C " 8m WOrkSta "° n ' Mar,in ' S ' ^Kard NewWave Software. 

a title bar 128 carrying the title "NewWave Office" 

a menu tar 130 offering the following options: 
Acnon. Edit. Obiects. View. Settings. Task and Help: 

a system menu box 132; 

size boxes 134 ana 136; 

a vert.cal scroll bar 138 w.th scroll arrows 140 and 142 and a scroll box 144- 
a horizontal scroll bar 146 with scroll arrows 143 and 150 and a scroll box 152- 

Pro,ect Meeting" a Venue-Cent ob.ee, representing . reference to a Venue server ob.ect on the 
local server machine - 

"Des,gn Notes" a Wh„eboard-c„ent ob.ect reoresent.ng a reference to a Whiteboard server 

obiect on the local server machine- 
Design Pr,nc,ples" a NewWave document ob.ect My contained on the Cent workstation. 
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APPEiNDIX A 



Brief Description of the Drawings 
Figure 1 is a block diagram of a computer in accordance 
^ with the preferred embodiment of the present Invention. 

Figures 2 and 2A show block diagrams which illustrate 
the relationship between objects, applications and data 
50 files in accordance with the preferred embodiment of the 

present invention. 
. s Figure 3 shows a plurality of objects linked in 

accordance with a preferred embodiment of the present 
. invention . 
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displaying ;he message Th.s . s ach.eved by n, ck , nc on tne „. nn o, n .„„ 

aragg.ng me .on ,n,o tne message. ,Th., J m^^Z^^J?™" — 
procedure aescncec w„h reference « 0 Figures -3-20 of Append A ", r ? £ %S C °° y 
Rgure 32 snows ma; me message new ,- 0 ntam* 2 r . GV nf j'" 6 bar 232 labe,led P£ " 3" ,n 
224 1S men closed (Figure 33, To send ^l^m ^ ^T"'^ ^ m 
Th,s causes a copy of the n-,e«saqe mr.JL ml 2- 9Se<3 ° nt ° ,he 0ut T ' ay ,CCft 234 

oeop,e on me ostnbunon l * Tne ^ »• 
comoonen,, t o enade these to be transm Jo I j t „ "r^" 0 " °' ^ 

*e m Tray oo ( ect representee p y ,con 236 oeser a£. £ ^o reSDe ° Ve ° eS " na "° nS ' 
v.ewed and man.ou.atea by the rec. D .ent« Th« - «"e sS age .opponents so that these can oe 

message and ,nto the.r m a ,n NewWave OtfJ nlT'*' ™ Vs ™^ ob,ec. out of the 

open me,r ven ue -c:ien, ob,ects to oeL [ ZZ Z * n* aPD ° m,ed the W>°™ 
snared ob.ects e.g. a ^3^ * DU " n9 me6 " n9 ' the USSrs «" <>P.n 

telephone and „oeo .n««o«oec^ " " e " " ,nw ™' n 9 

.s relayed to the Wh„eboar d server^. IhTh h " USer '° 3 Whlteooa ^"en, cb.ect 

client ocects of the changes ' UPdat6S a " °' the ° ,her ""..ponding act,ve WhMeboaro- 

structure, ob.ect and tods' to cm ^^^J-VT* ^ " 3 '** 3 

cassette recorder controller e<3 " SUCh as a v,r,ual mon "° r manager and a v.deo 

sJ:; s :^t»t\^ ^:^::r:rr ni ' c : ^ - — - «• - —ted 

messagmg infrastructure. ° US8 ' w0rkst ^»ons given a su.tabie mter-co/ect 
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figure 7] shews a b 1 c c k d i a g r a c of the organization .of 
H ? 0 M F . C A T , a ays tea file included in the OMF shown in Figure 
7 2 . 

figure 7 ^ shows the relation between a global parent 
and global objects in accordance with the preferred 
embodiment of the present invention. 

Figure 75 is a block diagraa which shows how aystea 
files within the OMF shown in Figure 72 accesses data files 
and applications frotr a irecory shown in Figure 1 . 

Figure ? 6 is a block diagraa of the organization of the 
a e a o r y s h : w r. in Figure 75. 

Figure 77 and Figure 73 show objects and links in 
accordance with the preferred ezbodicent of the present 
invention. 

Figure 7? is a block diagraa of the organization of 
HPOMF.XRF, a systec file included in the OKF shown in Figure 
72 . 

Figure 80 shows a view specification record in 
accordance with the preferred embodiment of the present 

invention . 

Figure 8i shows the use of a snapshot in accordance 
with a ^reT^rrtd embodiment of the present invention. 

Figure 82 shows the data path of a view when there is 
no snapshot, in accordance with a preTerred embodiment of 
the present invention. 
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Figure k s.Hjws a series of objects serving as folder 
as parents of objects containing data, ia accordance with 
preferred embodiment of the present invention. 

Figure 5 illustrates the screen display which result: 
from linking of various objects in accordance with a 
preferred embodiment of the present invention. 

Figure 6 shows. the linking of objects in order to 
create the screen display shown in Figure 5. 

Figure 7 shews how three objects nay be linked togeth 
in acccriar.ce with a preferred embodiment of the present 
invention • 

Figure 3 and Fig-re 9 illustrate how an object may be 
copied in accordance with a preferred embodiment of the 
present invention. 

Figure 10 ar.d Figure 11 illustrate the copying of a 
public object in accordance to a preferred embodiment of th 
present invention. 

Figures 12 through Figure 71 show the appearance on a 
screen of a session in which a user manipulates objects in 
accordance with a preferred embodiment of the present 
invention. Also shown are block diagrams. of how objects 
appearing to the user are linked in accordance to the 
preferred embodiment of the present invention. 

Figure 72 is a block diagram of an Object Management 
Facility (OMF) in accordance with the preferred embodiment 
of the present invention. 
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13, OK: 100 ir.for 03 the application. which object the 
applicator, should access for data. That object is then 
eor.aide.-e; to be active. An object is inactive when the 
application tr.s object is associates' with is not being run 
by computer 18, or when the application the object is 

associated with is be* run >■> u r <« w • 

■' 8 rjn ' 3ut 13 R0 * being run with the 

data of that object. 

Active objects can communicate with each other using 
messages. To- example If two instances of application 101 
are being run by cocputer 1S, one with the data of object 
202 an; the other with the data of object 203, object 202 
and object 203 are both active. Therefore object 202 say 
send a Eessag, 211 tc object 203- Similarly, if computer 18 
is running application 101 with the data of object 202, and 
is running application 1 C 6 with the data of object 20?, 
object 2C2 and object 207 are both active. Therefore, 
object 202 may send a message 212 to object 207. 

Messages, such as message 211 and 212 may be formatted 
to be sent and received by all types of objects. This 
allows for free communication between all active objects. 
This also allows new object types to be defined and added to 
the system without requiring that the existing object types 
be updated to use the new type. 

ft 

Each object has associated with^a set of data files. 
For instance, object 210 is shown to have associated with it 
a data file 221, a data file 222 and a data file 223. Data 
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objects 



Figure 3 3 s.^cwj ,w. h 2 , 2 

Pat., of a view when there « s 

8r ' lp!h9: ' in •ccerd*., = e w itfi « Pre . 

*• • etbodiaeni of the 

? r «ssit invention. 



Description of the Preferred E.bodi «„ t 
Figure 1 shoua a CCBputer 18 hav . ng a nonitor ^ ^ 

keyboard 19 and a aouse 20. A . 0P .. o . n , 

r0r '- on of computer main 
oesory 17 is shewn by a - a---u - , „ 

y a '-- w ' t0 *• within eosput.r 18. 
Within co:?uter seso.-v ma'n 1 ~ •■ „ „ 

1. .3 shewn an object manager 
facility (C«-)10C, an applicator <0l a 

" jR 01 ' an application 1C2, 

" ' aklw " ,0 3. an application 1 0 U ar = ~ ,. 

im, an application 105 

and an application 105. 

of applications ,0: tc 106 store data u , ing 
For instance, la r lgure 2> application , Q1 ^ 
sftc-n t 3 (ia„ s-.ored .... 

203, K o 0J . ct „. ard ,„ o6 . tet jo5 ^ slBUip ^ 

'oo s ..o.. s t ,r„ Dltlon in , lcatins „, lsh object3 gQ 

•« "5 , r , of th , „„ cUss 6ecauj< ^ iajoci>tea 

^•0 a., or th. ,a.e cU„ »„.„.. .«„ ( , asa „ iate , 

application 106. All ob 3 - t „. 

=.e--3 o, the same class u 3 e the same 

application. When an a 3 - 1 • 

•P.l.c.tion is being run by ccoputer 
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children and one or zzre parents. An ofcject is no: 
allowed to teccae its own descender, t . 

I r. Figure 3 is shewn a r. object 3 0 1, an object 3 0 2, a r. 
object 303, an object 30U, an object 305, an object 306, an 
object 307, an object 303 and an object 309. Objects 301- 
309 have links with reference names which are numbers shown 
in parenthesis by each link. Object 301 has a link 310, 
with reference name " 1 " , to object 302. Object 301 has a 
link 3"i, with reference r.a = e "2", to object 303. Object 

302 has a li.-.k 312, with reference naoe "7", to object 20U. 
Object 302 has a link 3H, with reference name "8", to 
object 305. Object 303 has a link 314, with reference naoe 
n 1 " , to object 306. Object 303 has a link 3 15, with 
reference na=e "U", to object 307. Object 30" has a link 
316, with reference nacce "1", to object 308. Object 305 has 
a link 317, with reference r.aite "7", to object 308. Object 
306 has a link 318, with reference naae "8", to object 309. 
Object 307 has a link 319, with reference naoe "9", to 
object 306. Object 307 has a link 320, with reference naae 
"13", to object 309. Object 308 has a link 32 1, with 
reference naoe "1", to object 309. Object 308 has a link 
322, with reference naoe "3", to object 303. 

Object 301. is a parent of 302 and 303- Object 303 is a 
child of object 3 0 1 and of object 308. Each of objects 302- 
309 are descendents of object 301. Descendenta of object 

303 are objects 306, 307 and 309. Object 309 has for 
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in data Tiles 22 ,. 222 ini 22 , ap , , fi fi ^.^ ^ ^ 

interpret*; by application 105. 

Each otject has associate- with it a Hst of 
prcpe-ties. Each property has a naae and , value w , ich ^ 
^ accesses by specifying the r.a 3e . In addition , each clas 
of objects has associate, with it a list of properties that- 
are co:=on to all objects of that class. for instance, in 
'figure 2A, object 205 an. application i 0 l are shown. Objec, 
205 has associate, with it a property 2 3 1, a property 23?, 
•ni a property 233. Application ict has associated with it 
a property i 3 i, a property 1 3 2 and a property 1 33 . 

Property lists car. contain any nuaber of properties. 
Each property val ue car. be froa :ero to 3 , 27 52 bytes i r. 
length. Properties are used to store descriptive 

inforcation about obiec's an" c'a^o. - u 

J an - classes, such as names, 

coaaenis and so on. 

Objects cay have references to other objects. These 
references are called links. Links are directional: one 
object is called the parent, the other the child. Each lime 
has a reference naae which is a number that is assigned by 
the parent object to identify each of i ts. chl Idren . All of 
an object's children, its children', children, and so on are 
collectively called that object's descendents. Similarly, 
an object's parents, its parents' parents, and so on, are 
collectively called that object's ancestors. In the 
Preferred eabodiaent of the present invention, an object 
which aay be manipulated by a user, can have zero or acre 
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contains lines of text 5 > < , lir.es c f text 5 12, a graphics 
figure 3i? t a graphics figure 5^ ar/- spreadsheet data 515. 
As shew.- in Figure 6, text and formatting data is stored in 
an object 6 M f graphics data for graphics figure 513 is 
stored in an object 612, graphics data for graphics figure 
5 1** is stored in an object 613 and spreadsheet data 515 is 
stored in object 6 1 U . Links that are used to build coopound 
objects always have soze kind of data transfer associated 
with the link and hence are called data links. In Figure 6 
is shewn a data lir.k 615, a data link 6 1 6 and a data link 
617, In document 5 i 0 1 data froo object 612, object 6 1 3 and 
object 5 1 ^ are eerely displayed, therefore data link 6 m f 
data link 6:5 and data link 616 are visual data links. In a 
visual data link, the parent will send requests to its child 
to display data within the parent's window. 

In Figure 7, an object 70', which contains data for a 
first spreadsheet, is linked through data link 704 to an 
object 702, which contains data for a second spreadsheet, 
and is linked through data link 705 to an object 7 0 3 > which 
contains data for a third spreadsheet. The first 
spreadsheet uses data from the second spreadsheet and from 
the third spreadsheet. Since the first spreadsheet does 
more than xerely display data froo the second and the third 
spreadsheets, data link 7 0 U and data link 705 are called 
data-passing data links. 

OH? 100 does the " bo ok keeping" when objects are copied 
or nailed. When an object is copied, 0MF 1 00 makes copies 
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ancestors all of 0 ;><»<-*s ■>■-. , . . 

----s 3 J • - ? 0 3 . ODject 30 3 has for 

ancestors c b ; ■» r * s ^^i ^ - ^ , 

302, j3 u, 305 5n , 309. An<J 3o 

Active objects can dy„. olc ,ii y aake and 
-e- o, e;t , Whea a llnk ,o an o.Ject i, < eleted , 0 HF ,00 



delete links t 

link 

ir tS . S!J .„ „.,.„,.,,,.,,.„„..,. If not, OMT too 

ob ' e c t 

Object I ; r. V s m a v be u * - *■ o - v ^ - < ~ 

u... .o. various purposes. r or 

,h '"' ,: ° f "•*"■ U! « -.r ». .bj.,t. 

contai-ir.g data for use w ^«- V1 .i.,-. 

w.... va.ious applications, or the 

or ... .r..» 4 .. t . fols . rj . 4n obJect , o) 
" U " fC:ie '' • e "' " •« e.Il., foli . r 

(also Called ii n h * 

°- 3,r "■' us " " fol<!.r.. FoldeP , 01 

= o ntains sn otJe = t , 05i (a contain dtw> >n 

»«« to «„,.i. „ 06Ject a07 _ uses ^ ^^^^ . 

«« r.u.r .«. ,.,„„ , 02 contalnj <b object 4os> ujea ^ 

"0, u„< to cor . taln , ata . polier ,„ cMittBi ^ 

lata ..,„ ,„ 06 _, ect uaed to ^^^^ 

' ««r. .ophl.tic.t.4 u 3 « or luic, ls to »„ ltr «t 
= oo„u„ d obJ . ctl . ror lnJta „ :e ln Fl!upf 5> , 4ee(iMBt 
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162 th.-eusr: a new link : 63a . 0:jec: 16U is a copy of 
object '61. Link i £ ?a is a copy C f link 16]. 

In Figure 12 through Figure 7:, it is 9hown how obJect3 
are displayed to a user or. ncnitor Si;. I n Figure 12 a 
"NewWave Office" desktop is show, to include icons labelled 
File Drawer", "Waste Basket", "Diagnostic" , "Printers", 
Star" and "My Folder". A user (not shown) has manipulated 
cursor 73 1 , using keyboard 19 or 0 ouse 20, to select "My 
Fclder" . 

Figure 13 shews how the objects displayed on xonitcr 1U 
are linked. NewWave Office (shewn as an object 700) is the 
parent of "File Drawer" (shown as an object 701) through a 
link 711, C f "Waste Basket" (shewn as an object 702) through 
a link 712, of "Diagnostic" (shown as an object 703) through 
a link 713, of "Printers" (shown as an object 704) through a 
link 71H, of "Hy Folder" (shewn as an object 705) through a 
link 715 and of "Star" (shown as an object 706) through a 
link 716. 

In Figure 1U, the user, using cursor 78 1 , has selected 
"Create a New...- in a pull down senu 782. As a result of 
this selection a dialog box 779 appears as shown in Figure 
15. Using cursor 78 1 , the user has highlighted the icon 
"Layout" and using keyboard 19 has typed in the name -Paste 
Up" as a name for a new object to be created. Cursor 781 
now points to a region labelled "0K-. Once this region is 
selected, a new object titled "Paste Up" is created, as is 
shown in Figure 16. 
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of *at. fil„ assorted with the c=Ject. If the o6Ject 
*«in S c, P :ec has children, C -M? TOG also „ kea copie3 of the 
object's Ascendents, and builds links between the new 
objects to give the new coepeund object the sa = e structure 
as the original. 

For innar.ce, Figure 8 shows object 308 , f roffl Figure 3, 
and the desce.ndenta or eject 303. When OHF aakea a cop, of 

object 303, o MF copies each of ooje-t 108', * m 

oaje.c joo s descendents and 

the links shown in F' »u»» - ■ - 

in t.gu.e 9. rigu.-e 9 shews a copy of 

---- w«..-_. ,0ca is a copy of object 3 03. Object 

3C3a is a copy of object 3 C 3 . Object 3 06. is a copy of 
object 305. Object 3 07a is a copy of object 307. Ooject 
309. ia a copy of object 3 09 . Li.,. 32 ,. is a co?y of Un , 
321- Link 322a i3 a copy or liRk urik ^ ^ a ^ 

of iLr.k 3 , a . Up.k 3 1 5 . ia . cop, of li„ k 315 . Link3l8ais 
« copy of li.,* 3 ,S. Lin, 3l9 a ia a copy of lin, 3^9. Link 
35Ca is a copy of link 320. 

In the preferred ear bod i ae n t , the default behavior 
resulta in the copy of a parent', children when the parent 
1* copied. However, when a child la designated as "public- 
it is not copied. Rather, a copy of the parent includes a 
link to the child. For instance, in Figure 10, a parent 
object 161 i3 to be copied. Parent object 161 is linked to 
a child object 162 through a link U 3 . Child object ,62 is 
a Public object. As shown in Figure u, copying of parent 
object 16! results in new object I6i a being linked to object 
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I- Figure 2 3( using c.rsor 75 i , "Paste Up- (object 7C5) 
is Jhcwr. Being dragged to window 7 55. In Figure 2U, the 
process is complete and "Paste Up- (object 70S) is now i - 
window - Ky ?older -. - a Flgur , , 5( „ paste ahoyn ^ 

object 70S, is now a child of "My Folder . ttirougii link 728 . 

The user sets up multiple links by using the Share 
cosxar.d. This cc a = and is an extension of the clipboard 
metaphor coomon in software packages today for coving ar.d 
copying data around the system The clipboard is a special 
buffer that the system uses to hold data that is in transit. 

lr. one way, the Share comxand operates similarly to the 
Cut or Copy cow.nd described above. That is, using Share, 
Cut, or Copy, the user selects seme data f lrst and tnen 
gives the Share co D1 nand, which results in southing being 
put or. the clipboard. In the case of the Share command, 
however, what is put on the clipboard is neither the actual 
data nor a copy of the actual data. Instead, it is a link 
to the selected data. When this link is pasted, a peroanent 
connection is made between the original data and the 
location of the Paste. Through use of OMF 100, this link is 
used by the involved applications to provide easy access to 
the original data (in its full application) and automatic 
updating when the original data is modified. 

In Figure 26, the NewWave Office window has been 
activated. "Paste Up" (object 707) has been selected, as 
evidenced by "Paste Up- (object 707) being in inverse video. 
Using cursor 7Si, "Share- from menu 78 3 is selected. In 
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If. Figure 17, '* P a s * e L' - " « . w 

' e Lr * s ahcwn as an object 707 

linked as a child of NewWave Cff'ce t K„„., 

'• ce through a 1 1 n ic 7 17. 

».»i= cUptcars o ? er,tio ns a-, C u t,'Co„, ,„ 
Pas,,. Ts . y .. r «. Jlt th . tBJt ia to 6t ^ 

««..«. Cut .„., th . <iti to cu ^ oara 

it r r5a lt . 0Plglnsl ,.„...,„,. Copy aikej t ^ 

of the se lec ' e w ri a *■ a *. u 

-ce- d... on. th, c. !?t ,, ara . The U5er oust 

1,Cati= " »• to >. or 

3 "' ; "« «««•»<• T.,i, c.. MM .. M „ 

the contents of the clipboard t« th . 

p eaM t0 the selected location. 

In Figure i 9 a user is , nown to nave selectei 
OP". The selection is represented by the icon Tor »? ast e 

0P " " inS diSPU - d U " ia « *™ — o. With cursor 73,, 
th. user selects "Copy" f r5B . pul , dQWf| aemj 7S3> ^ 

FlgUrS ' Cll ' b9 "< "0 is shown to be a parent or 

an object 703 through a liRk 721 . Object 70S ■ 

uoject 70S, 13 a copy of 

object 707 ( "Paste Up" ) . 

A, shown in Figure 19. next the user selects "Paste" 
rro* pull .own Th . Pesult> 3hown ln Figyre ^ 

the addition of an object 708, pointed to. by cursor 78l, 
^ich is a copy of the original -Paste Up" object 707. 
I« figure 21, th . new obJect l3 3hQun ^ objftct 

Hn.ed as a child of NewWave Office through a i lBk 718. 
in Figure 22, -„ y Fol<ierB , has bf#B opened fay 

ellekin ' 1C0 " f " ™ bolder" u.in. cursor 78 1 . The 

result i, a ntw window ?85 Pfpp , ttntlng „ My FolderB> 
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spreadsheet ccl, cause a graph to be re-draw.n, an, u?date 
as a ri. : ,-e in a descent. And since an object can have 
cany parents, a .-ingle object can be used as "boiler plate 
for any nu.b.r of other objects. A charge In the boiler 
Plate will te reflected in all the objects which have link 
to it. -Automated data transfer is illustrated in the 
following discussion. 

In Figure 3C, window 735 for "My Folder" has been 
closed. m Figure 3\ cursor 751 is used to select "Create 
a Sew..." f rc .c pull down cer.u 7 32 . As a result of this 
selection dialog box 77 9 appears as shewn in Figure 32. 
Using cursor 73!, the i:or. HPText has been highlighted and 
using .eytoard 1? the „, a . -aa ? le Text" has been typed in 
as the nasi for a new object to be created. Cursor 78l now 
points t: a region labelled "CK». Once this region is 
selected, a new object titled "Saspl. Text" is created, as 
is shown in Figure 33. 

In Figure 3 », "Sample Text" (object 709) Is shown to b 
a child of NewWave Office through a link 719. In Figure 3 U 
since "My Folder" has been closed, "Paste Up" (object 708), 
link 723 and link 727 are not shown. However, these still 
exist, but are r.ot currently visible to a user. 

In Figure 35, placing cursor 73 1 on the icon "Sample 
Text" and double clicking a button on mouse 20 results in 
"Sample Text" being opened. In Figure 3 6, an open window 
789 for "Sample Text" is shown. 
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"Past, -jp- object 707 £ , rcugh a iink ?22> 



r r o a a 



nr. is MUttM . t„. r ., uu ; t . Plfttr , 

that "Paste U o " v n h * a i m \ ■ 

Offi,. „.»,.,,. In Figure , P ., uU 

c:>.,t*.r: thrown TJ2 ,„ s , esila of „ Ky F3 , 3er „ 

705 through = ' n ir 7 ? 7 T - r • 

5 aW • In ^£ure 29, showing j ust the 

interconnection of objects v isitle t0 th9 user f n ^ ^ 

(0bJeCt 7 ° 7) 18 Sh = - " >• • c^l^ of "My Folder" 705 

thf5USh ^ *P" (o.ject 707 ) i3 shared, 

not cop;ed, "Paste Up „ (obj , fit m) ^ ^ ^ 

NewWave Office through 1 i a k 7 1 7 . 

One key feature of data links l3 automated data 
transfer. When a child eject is o P en and the user changes 
a P.rt of it which is Shared out", then it makes a call to 
OMF ,00. OMF 100 checks if any of the object's parents 
"care" about this particular change. If they care and if 
the, are also open, OMF ,00 sends to the parents a message 
lnfor B in g the. that new data is available. The parent can 
then send messages to the child to produce or display the 
data. This feature allows the user to establish compound 
objects with complex data dependencies, and then have 
changes made to any sub-part be automatically reflected in 
other parts. For example, changing a number in a 
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The result is the cper.in 3 and display of "Star" (object 7 0 63 
in a wir.-ow 7 9 £. Figure ^ S -ws the use of cursor 751 to 
select selection "Ellipse" in a menu window 797 which 
results in the data within "Star- (object 706) being charged 
from a star to an ellipse. As shewn in Figure 51, the 
result is a change both in data displayed in window 7 9 6 and 
data displayed in region 795 of window 791. 

Zr. Figure 52, cursor 73 1 is used to define a region 797 
in window 79:. I., Figure 53, cursor 75' is used to select a 
selection "Create a New..." in pull dcwr oenu 7s3> Aj a 
result of this selection dialog box 799 appears in Fi S ure 
5". Dialog box 799 contains icons for the two classes of 
objects available which are able to displaydata in region 
797 of window 791. Using cursor 78', the icon "KP Shape" 
has been highlighted. Using keyboard 19 the name "New 
Shape" has been typed in as the name for a new object to be 
created. Cursor TSl now points to a regions labelled "OK". 
Once this region is selected, a new object titled "New 
Shape" is created. Data for "New Shape" is displayed in 
region 797 of window 791 as is shown in Figure 55. In 
Figure 56, "New Shape", (object 750) is shown to be a child 
of "Paste Up" (object 707) through a link 760. 

In Figure 57 a window 800 for "New Shape" was opened by 
placing cursor 78 1 over region 797 of window 791 and 
clicking twice on a button on mouse 20. In Figure 58, 
cursor 781 is used to select the selection "Triangle" from a 
pull down menu 801. The result, as shown in Figure 59, is 
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In Figure 3 ? a w'-.-'^u 7 c t •* ■> 

W 51 for "?aste Up" (object 707) 

his - e * c p e .-. e d by d o u e 1 - c 1 ; - k •• n » ~ „ ► 

7 = c- c...K..ig on tne icon for "Paste 

, -'? M . In Figure 33, using Cursor 7Si, , 0 , tP . n .„ hu 

t -w.itroiied by mouse 

2 0 i a portion 790 cf t e t * x * of " s a « « i 

or Sample Text" has been 

selected. T w . a ~ ^ ; ^ _ 

...t .or. .on ia inverse video stating - M€w 

Office envi.-onne.if Is portion 790. 

Figure 39, cursor 781 is used to select the 

selection " < - a ^ 

i.. a ,ull down ffl enu 792. I„ Figure do, 

an area 79 3 in wir.dew 791 is sele-te' u S <~, , 

c-c-te- us.r.g cursor 78i. in 

Figure U 1 , a se : e :tior. "Paste" ' s select. ,* *• 

-s selected from a pull down 

T,. „„„ 71,. :., „„„ „, T .„. i5 . 

<i " ; * y " '» °»" •*•«•» I* ri,.r. .3 -saopl, 

Tex:" (object 7C9) * s * • ► 

( ° bjeCt 7C?; th -"° JSh 3 link I" figure U 2 , dlfpl . ytd 

text 790 is a nowr. in gray because "Star" window 78 9 is open. 

In figure * U , » 5^ ar n u u-4*„ 7 oa . 

, a.a. w.ndow 739 is closed so displayed text 

790 is clearly displayed. 

In Figure U 5 , a region 795 of window 79! is selected 
-ing cursor 78,. Figure ,6 shows curaor 781 dragging tne 
icon "Star" into region 795 of window 79 t. 

I" ?i 8 ur e »7, d,t. fro. . St . P . (obJect 706) ^ ^ 
-l.pl.Md in r. it „ 795 of wind.. 79,. „ „, „« ,„„ ,„ 
«i-r. .8. "Star- T06) la „„ , CMla ^ , pj ^ ^ 

(object 707) through a link 726. 

In Figure « 9 , a user has placed cursor 781 over region 
795 of window 7 9 1 and double clicked a button on aouse 20. 
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l " C:tt< " "•»«*«•«.. to OHr ,00 >, 

child 709. 

I» .0, are, 7S3 ,„ ulndc „ ,„ [3 aeiectea 

C ' Jr ' 0 '" ? "' lB rit ' ' v..t.. x. .. ltet . d 

f«. . PUU .... .„„ 7 „ „.„, cupJor ?8 ,_ <t 

P.r..t o 6J , et 707 ,.,.„. „,., requejtj ^ ^ 

M. th. p . r . at or , on aiiftwt ^ ^ 

. .p.cin..ti.. recora ror tB r-j» b . twi . n cUp6otr4 7so ^ 8Mi< 

•"IK or "Past, up- (ooj.ot 707, through Xlllk 729 . 

m Fl«-r. t .„ 7 „ „ dl3pl ,„ a 

■'»t. Bp- ui , d ow 7 „. aeeeaplijhing tMg> o6je = t 

707 takes a C «U to OMF ,00 ask'n. th.t , . 

" , th ' c » "=»je b« sent to 

«• .bj.«t K-.tir,,,,, ts , „..„„. „„, fop ltak ?J9 _ 

Thl. ..ss.„ „,„.,,. t „. o6J , et ^ ^^^^ ^ 

'<■« this Unk into , uo.uon .,.«.„., 6y „„„ ^ 
»*. 0HP ,00 takes lh . „„ SJSe fpMj pjp<nt ?o7i ^ 

<«. t .„tl„c.,l. n „ u . 6 er frs . tt . Yl „ speetfl5itlon 

reC " d ll " k ?29 ' — «... ..s„ s . to .„ ll4 709 

OIU 70, dl .pl. r . th. d ,t. ln th. .,.. m . 4 l8e , tlon> ln 
thl. oas. , r „ 7 „. Tn . „„, of th# Mtiw mm fpo _ 

P«r.„t 707 to omp ,oo t, chu, 70 , l3 -Dis.nr.mw., 

further !„ »„.„„!, B , attache* h, re t 0 . 

Another message "PR INT_S L AVE " , also a „ erl6 . 4 ln 
•PP.nOix ... b . uh , n [5 aejired ^ ^ a ^ 

a Printer rather thar. .Lap:,, „„. „ , 
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I.-, addition, Parent 707 nay send a "GET.SIZS- »e 33 age 
to child csject 709. In . »CET_SrZE» aessage, parent object 
7 07 identifies a reference na = e for lu< 729 and lndlcate3 
coordinate, for a display. OKF 100 takes the CET_SI2E 
«e 9S a S e froa parent 707, adds the data identification nu.oer 
fro. the view specification record for link 729, and 
deliver, the a,e 33 age to child 709. Child 709 return, to 
parent 707 the size of the portion of the 3 pecified area 
that child 709 would use to di 3 play the data. Thi 3 allow, 
parent 707 to .edify the region reserved for displaying data 
fro* child 709 when child 709 i, not able to acal. the data 
to fit in the region specified by parent 707. 

Wh,a \ dlU fr ° a * Chlld ° bject ia bei "S displayed by a 
parent object, and the child object change, the di S pl a yed 
data, the child object, notifies OHT 100 that there ha 3 been 
a change in the data object. For exaaple, a, described 
above, in Figure 47, data from "Star" (object 706) now 
displayed in region 795 of window 791. And, a 3 «ay be 3 een 
in Figure US, "Star" (object 706) l 3 a child of "Paste Up" 
(object 707) through . link 7 26. Since data is being passed 
fro» child object 706 to parent object 707, link 726 Is a 
data link which includes a view specification. 

In Figure k 9 , the method for changing data in child 
object 706 is shown. a user places cursor 781 over region 
795 of window 791 and double clicks a button on mouse 20. 
The result is the opening and display of "Star" (object 706) 
in a window 796. Using cursor 78 i to select selection 
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' • a:nc« object 671 i, a fol ^ e 

tne.e i 3 no view, 

therefore the t h r e • b< t + uh * * < 

• ^ t3 wlthln "bcolu.n 7 3 * would be 

" 0C0" . 

I- fii-r. 78, 0tJ „, 676 ts , tif t , ^ 

O.J.«, 676 lsl of „ ebJ . el 677 t „ roughi 

»»* ^ «< a p. r . Bt or an 06J . ct „, tftrou8h ^ iiak 
m ... . or .... u „ k 67 , aj a referenc< 

reference name " 3 « . 

'-■ 7 9 . .„ 737 d . aerlS(j ^ ^ 

»• T,., i.. 1B colu .„ 73 , Bf , ntry is ^ 

parent tag "17" t « - 1 

• In =.!»„ 732 there l3 the cnlJ( , tjg „ ( . 

■« m colu = r. 7 „ ,„.„ 13 reference njBe 

«:«« ii« 67,, ts . thr „ bisj wilnln >uocoiuBn 

the three b i * * « 1 1 n » 

"0 and entry 73 9 i, a view , pe el ri ca t i o- 

record . 

Sl.tl.Mjr. an entry 735 d, 3 crl>«, UnK 680 ,„,„„ ln 
ri, " ! 7> ' '3' T .«-, 739 there 1. th, 

a. co lu .„ 733 ther. t . tll . „,„.„. 

i. • .i.. .....Ufa ulth llnk 690i-tB , tBpte 

3U6 " 1U " 73 " th. three .,,0- ... , ntry 

"° H a vl. „ s? eclfic.tl 0 „ record. 

m 8,, .... .,. clfle . el „ record 7 „ 0 is jhoun ^ 

'" C: ' J<S 3 fl '" «•»«» » -...'l4«t„i.. el . n r or 

' riela M « •«•» I*...... whether th.r. i 3 . 



n 
on 
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snapshot used in the view, and a field 7« 3 which contain, 
niscellar.eous inforsation about the view. The data 
identification. nucber is us.« by the child object of the 
link, to cet.r.ir.. what data is sent through the link. 

Figures 37 - * 3 shew the es tabli shment of a link with 
a view. A3 na9 oeen dl3CU33ed berop#f ln Figurft 3? 

791 for "Paste Up" (object 707) h „ been opened by double 
clicking on the icon for "Paste Up-. m Figure 3 8 f using 
Cursor 781, controlled by mouse 20, portion 790 of the text 
of "Sample Text" has been selected. The portion in inverse 
video stating - Ne w Wave Office environment- is portion 7 9 0. 

In Figure 39, cursor 78 1 is used to select the 
selection "Share" in a pull down „enu 792. Once "Share" is 
Elected, child object 709 ("Sample Text") creates a data 
identification number which identifies portion 790 of the 
text to child object 709. Child object 709 also causes OMF 
100 to put a link to child object 709 on clipboard 720- 
Child object 709 communicates to OMF 100 through command set 
forth ir. Appendix B , attached hereto--. Child object 709 
also informs OMF 100 what data identification number is 
associated with the new im* between the child 709 and 
clipboard 720. If there la a 9napshot a9poclated „ lth t||- 
Unk, child 709 will also inform OMF 100 If there i S « 
snapshot associated with the link. Snapshots are discussed 
»cre fully below. A s a result OMF 100 will make an entry in 
H? OMF . X R F 6 0 3 for a link between clipboard 720 and child 
object 709. The view specification record for the link will 
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^INITIALIZED 



20 



25 



30 



J5 



40 



55 



; 6 f vle *'' 32 character 
;e*tu,i data id is located' 
-13 contain, 2er o if „o 

f^ined by the child. ?„e 
J w order five bit* of tJe 
zero f°! itlon — always 

indlcatea which 0lt3 are 
USed fop ^is bit field. 

s «t tr the view 

ini tiali zed . if clear . , . 

. infor..tlo n in [ h 1 i * U 

specification i 3 Tn- 

Jexadecx.al nuaber 0000 
0010 is a aiak wnlch 

ind cates which bit, are 
U3ed Cor bit field, 

fleserved for future 

which indicates which bits 
-used for this bit 

Specifies the view class 
t"t child assigned to th\ 
view. Tne new clas3 

fr; ln " " hat vlew ««thods 
ape available to the 

P—nt. The hexadeclaal 

number 0000 0007 is a mask 

which indicates which Vltt 

figure 77, Object 671 is & folder md 

through a lir.k 67U 

""""" ' , «. l8f ltB , 



VS.VIEWCLASS 
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6 7 5 * r * re --*^ "7". Peference names are pickec! by 

the parent object and need tc be unique for the particular 
parent object; however, other parent, may have a link with 
the same reference name provided each reference name is 
unl que for each parent . 

Figure 79 shows a block diagram of HPOMF.XSF 603. 
HPOKF.XFF contains an entry for each link between parents 
.and children. m HPOMF.XFF 603 column 73 1 contains the tag 
of the parent for each link. Column 732 contains the tag of 
the child for each link. Column 733 contains the reference 
name for each link. The first three bit positions of column 
733, shown in Figure 79 as sub-column 73«, indicate whether 
a view specification file record is present (-1,0") whether 
no view specification file record follows (-000-) or whether 
the link is between is a link froo the global parent to a 
globa 1 object ( " 1 00" ) . 

As «ay be seen, entry 735 is an entry which describes 
link 67* 3howr. in Figure 77. That is, in column 73 1 of 
entry 735 there is the parent tag "6". i„ column 732 there 
1» the child tag »i 2 « and in coluan 733 there is the 
reference name -1". since object 671 is a folder, there is 
no view, therefore the three bits within subcolumn 73* would 



be "000 1 



Similarly, entry 736 is an entry which describes link 
675 shown «„ Figure 77. That is, in coluan 73 1 of entry 736 
there is the parent tag "6". m column 732 there is the 
child tag -,o- ans; ln co , UOK ?33 tftepe la ^ r . ftptnct ^ 
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'5 



20 



25 



records cannot be identified by the content within a view 
specification file record. HPOMF.XSF is increased in size 
16K bytes at a time. A newly allocated portion oT HPOMF.XRF 
13 filled with :ero S . File records within HP OMF . X ft F which 
are free or which define a link have the following fields 
listed in Table 5: 

Table 5 

ParentTag Contains the tag ( HP OMF .CAT 

record number) of the parent 
object of this link. If this 
field is 0, then this record 
does not define a link and la 
free. 



C "- liia S Contains the tag of the child 

object of this link. If 
ParentTag in this record is 0, 
and this field Is also 0, then 
no record beyond this record in 
20 HPOMF.XRF defines a link. 

RefNane Contains the reference name that 

the parent has assigned to the 
link. This field is meaningless 
" if ParentTag or ChildTag is 

zero. Otherwise, if the top 
three bits of this value are 
110, the next record in the file 
is a view specification. 

-o 

File records within HPOMF.XRF which are view 
specification file records have the following fields Hated 



J5 



in Table 5A 



50 



55 
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Table 5A 



Da t a Id 



Sna pa ho t 



Con.aina the value that the 
ch. id ha, assigned to identify 
the part of Itself that- is b e< 
viewed through the link.' 

Contains the tag ( HP OMF .CAT 
record number) of the object 
which l3 the view, snapsho , c 
If *ero, the view has no 
snapshot. For further 
Jiscussion of snapshots, see 



Mlsc 



Composed of several 
described below: 



bit fields 



VS_NSVDATASET 



VS_NEWDATAANNOUNCEO 



VS_SNAPSHOTOLD 



VS_WANTMESSAGES 



Set if child has told OMF 
that new data is available 
bat has not been announced 
to the parent. The 
hexadecimal number 8000 
0000 is a Ba3lc wnlch 

indicates which bits are 
used for this bit field. 

Set if child has told OMF 
to announce new data to 
parent, but parent was 
inactive and was not 
notified. The hexadecimal 
number «O00 0000 is a mask 
which indicates which bits 
are used for this bit 
field . 

Set if child has told OMF 
that the views snapshot is 
out-of-date. The 
hexadecimal number 2000 
0000 is % mask which 
indicates which bits are 
used for this bit field. 

Set if child has told 0M* 
that it wants to process' 
view messages when snapshot 
is out-of-date. The 
hexadecimal number 1000 
0000 is a mask which 
indicates whicr. bits are 
used for this bit field. 
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Table U 

an installed class, otherwise 
this record is free and this 
rield i 3 the record nuober of 
the next free record, or -0" if 
there are no more free records. 
If the record is free, none of 
the other fields in the record 
Is meani ngf ul . 

ModuleF ileName SDeclft ., „ „ 

speciries the name of the 

application associated with 
objects of this class as a null- 
terminated string. 

Pr ° PertieS Specifies the number of 

Properties, the length of the 

Install St. 63 ind the ^"tion 
in HPOMF.PflP of the object's 

Properties. See the description 
of HPOHF.PRP below for furJh'er" 
definition of the structure of 
this field. 

In Figure 75, the relationship of HPOMF . CAT and 
HPOMF.CLS is shown. Within each object entry within 
HPOMF. CAT, the record number, which is an object's tag, 
— s as an identifier 650 of data files in a mass storage 
-emery 170 associated with the object. The field 
'Typelnciass* serves as an Identifier 651 of the class entry 
1" HPOMF.CLS, which identifies the class of each object. 
Within each class entry in HPOMF.CLS, the.field 
"HoduleFileName- serves as an identifier 652 of the 

application file i„ oa3a 9terage oeoory 1?0 which ^ 

associated with the class. 

In Figure 76, the organization of a portion of mass 

-tor.g. memory , 70 is shown. A root directory 660 contains 

Peters to an H? VWD A 7 A directory 661 and HPNWPRCC directory 



EP 0 497 022 A 1 



665. HPSWPROC directory 566 is the location of storage fo 
applications files, represented by arrows 6 69 . HP N WD A 7 A 
contains a plurality of HPOMFddd directories, represented 
directories 662, 663, 66U, 66 5 and 666. m the HPOMFddd 
directories are stored data files associated with objects. 
The "ddd" in HPOMFddd stands for a three digit, leading 
zero,, hexadecimal number. Each HPOMFddd directory has a 
different "ddd" hexadecimal number. The «ddd» number 
indicates which HPOMFddd directory stores data files for a 
particular object. Data files for a particular object are 
stor.d in the HPOMFddd directory which has a »ddd« number 
equal to the tag for the object divided by an integer 
nuab.r, e.g., fifty four. Within each HPOMFddd directory, 
files a.-e stored by tag nu=bers, e.g. data file names have 
the foraat x x x x x x x x . 1 1 1 , where "xxxxxxxx- is an eight digit 
leading zeros hexadecimal tag, and "111" are a reference 
chosen by the application. 

System file 603, HPOMF.XHF is also referred to as 
SYSXREF. This file is a list of all the links existing in 
the system. It is record oriented, but does not have a 
header record. Each record file is either free, or defines 
an existing link, or is used as an overflow record from the 
previous record to specify additional view specification 
information. Record, that contain view specifications are 
called view specification file records. View speclficati, 
rile records can be identified only by a previous record 
which defines an existing data link; view specification fi: 



.on 



/ 
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'StFreeZntrv 



TypelnClass 



S y s C a t F 



a gs 



properties 



faatpropa 



Is f if this record cJefir.es 
an object, otherwise this reco 
i3 free and this field is the 
record number of the next free 
record, or "0" if there are no 
core free records. If the 
record is free, none of the 
other fields in the record is 
cear.i ngf ul . 



Specifies the 
object. This 



class of this 



i3 the nun be r of 
the record in HPOKF.CLS that 
indicates to which class the 
object belongs (see discussion 
of class above). 

Specifies if the object is 
global if the bit masked by the 
number 20 (hexadecimal) is set 
in this byte. In the preferred 
embodiment all other bit 
positions must contain "0" and 
are not used. 

Specifies the number of 
properties, the length of the 
property names and the location 
in HPCMF.PHP of the object's 
properties. See the description 
of HPCMF.PHP below for further 
definition of the structure of 
this field. 

Certain object properties, such 
as name, are so heavily accessed 
that they are stored directly in 
this field, rather than 
indirectly In^the properties 
file. Properties stored in this 
field are called "fast 
prope r ti es . " 



System file 602, HPOKF.CLS is also referred to as 
SYSCLASS. This system file is a list of ail installed 
classes in the system. It is record oriented. The firs 
record, numbered 0, is a header which contains various 



/ 

/ 
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signatures (see abcve) ani is usei to oanage a lis- of free 
recc.-s. All ether re::ris eitr.er -.rir.e an installed clas 
or are free. In the preferred esbodieent HPOMF.CLS can gro 
dyr.anical ly , but cannot shrink. 

Each file record in HPOMF.CLS is thirty-two bytes in 
length. HPOMF.CLS file record 0 (tne header) contains the 
following fields listed in Table 3: 

Table 3 

lFirst- reeEntry Contains the record nuraber of 

the first free record in 
HPCMF.CIS, or "0" if there are 
nc free records. 



Fileld 



Version 



Contains the null terminated 
string "HPOMF.CLS" 

Contains the file format version 
nua be r . 



lMixSeeoriNunber Certains the number of the 

highest record ever allocated 
froo within HPOMF.CLS (this 
highest record may or say not be 
free * 



Table u, below, contains the fields for file records in 
HPOMF.CLS for file records other than file record 0: 
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other prcsrws running on cccput-r 15. S v S > ea m t« c 

s z em files 5 0 i - 6 

" * e «" »" in r„., tl ,„. 

•»« «!.» .. e(1 oeje5t 15 is na<e ^ ^ 

6 °'- 50 ' »•'".«».. ..cut .,.„., 

"J.". - s „ wh „ apcilca:i , n ls , ssoclatea vm sac9 

! "' ! ° f ° 6jeCt5 ' repre S „-. 3 06J . ctl of , 

in ri 2J .-e 2 ) c, n C . P r=c (!Je! Sy osj . otJ of , 
P.rtleul.r cl.„. s „ t „ fu „ 6 „. 607 ^^^^ 

t«-i-<.i-« . n.t or , ar5nts an , ,..,„,„„ naoej ef ejeh 
fr °" 3 " r,ns for " CB . U.t or cni Cr . n ,„ 

"»*.• -«^.= .u„ fll „ 60 ,. 607 contain 85nerji 

information such as whar «-4i 

as what .lies are installed in the 

.p.r«i«. r., . ach 4U „ llut tl lnstaUed _ >na yiiit 

.»J.«. ..... aut0Batl2 rejtart wnen t ^ w ^ 



reatar ted 



in the preferred .. b0 dl..„t or the present invention 
•7.t.. Tile 60, i 3 referred to „ Hp0MF . CAT> 3yatfta ^ ^ 

13 referred to as HFOHF.CLS. syste* Tile 603 is referred to 

as HPOMF.XFF, system file 60« is r.r» P .H . 

is referred to as HPOMF.PRP, 

syateo me 605 is referred to as K° omf t MS 

to as HPOMF.INS, system file 606 

1= r.f.rr.d to a3 KNW.SDf and .„,.. f U . 607 t . referred 
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t~at a triangle is r.cw d'solay • 
region 79 7 or wind 3w -» o ; . 

33 bee " closed. in Figy.-e 

5 ' . "New Shape" is ^ 

"-•--•<* by placing cursor 78' ove- 

r,8i ° n 7 9 7 ° f *nd eliding a bu , ton 

* a outton on mouse 20 

I" Figure 62, cursor 75 1 is used to ,., iet 

J -* ecc selection "Share 

fna pul1 «««n xenu 79*. In F -gure 67 

'.gure 63, cursor 78 1 is used 

to select a region 802 of window 70 . T e4 

79 "" In Figure 6«4, cursor 
is used to select selection - Paat .. . pQB n 

33t - - ro = PuU down menu 
. The res.lt, as shewn in F-gu-e 6* , 

SJ - e 65 > Is the sharing of 
"New Shape" wi tn data f- e - - w . u cu 

New Shape- being displayed in 

region 7 9 7 anj in a -i -> 

•eg. on 802 of window 791. In Figure 66, 
"New Shaos" (ofci#»rf ?cm . 

' 5 ' " 3SC " " •« "«tl.n.l u. t 

„, In sele5ted usln8eursor 

C "'" t. . eut . fro> 

'"" ? "' T " »» » .... x. ri,„ r . „. i3 

»« ...... », .... ,..„,.„ r ,_ lniow 79u inFuure 

p.t.t.dt. byeilPi . rTai/ Is PlIup . , t> 

"New Shape (object 7cm w 

NewWave Office (object 100), through a llBk 78o . 

I" Figure 72, OMF 100 is shown to contain seven svste. 

astern file 60*, ay3tea! fUe 6o 

1 3yste = Tile 606 and systea 

file 607. OMF interface 59Q ,-rv.. 

599 serves as interface of QMF to 
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8lCbal ° bJeCt ' 13 2 of glotal object. Although 

?i8Ure ^ 1!,0WS Cnl - / 3iX Slo,al objects, the number of 
global ejects operating on a system is a matter of systex 
configuration. Any obJ-cfc in 3ya:ea ^ ^ 

global object by ^.ing the referee name or the i ink t0 

that global object from the global parent. 

A3 oay be seen f.-ca Fizu-e - : r ■ , 

r. 6 «j.e file records in 

HPOMF.CAT are numbered consecutively. These numh . 

' inese numbers serve 

as tags, which identify each object. 

In ^ ?referrei " present invention, 

e-h record is ,28 bytes i, length ?h . fields for file 
record 0 are Mated in Table 1 below: 



rable 1 



l?irstFre.Entry Contains the record number of 

the first free record in 
HPOMF.CAT, or "0" if there are 
no free reco rds . 



Fi ield 



Vers! on 



Contains the null terminated 
string " HPOMF .CAT" . This serves 
as a signature. 

Contains the file format version 
number, which also serves as a 
signature. 

1 MaxRecordNumbe r Pan* a «„. * w 

contains the number of the 

highest record, ever allocated 
from within HPOMF.CAT (this 
highest record may or oay not be 
free ) . 

Table 2, below, contains the fields for file records in 
HPOMF.CAT for file records other than file record 0: 
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now g i v e r. . 

System file 60i, ■ «FO«f <-.- . . 

CA " iS a:sa referred to as 

S YSCA ? . H s 0M- r« - ,• . 

15 a catalog of a i i .u. 

-ne existing objects 

l ° syste=. In Fi ? 

- . «f o... .CA » is shewn to be 
record oriented. Foovr nr „ 

' - C,T nas a 'i»^ii'-y or r iie recor43 
7 3 . fls . . thro . JfS m . rteor( .... iheun 

— h,o,,.c.t .. r ..„...,„.„, „ r . fll . tain 

sre shown in Figur- 7 1 fi -. 

- 73. n.. re:or d 0 is a ne3der u . nich 

ccntai-s various signatures a- ls u , # ., , 

is used to manage a list of 

Tile records. a signature -: 3 , Cma „ 

e .3 scoe known value which if 

Present indicates that the <i'e is r,> 

• i-« is net corrupted . F ile 

record 1 throuc 1 - r •■ i - 

° JS - f - le record 8 and additional ft , 

a--itior.al file records 

liot shown) »< 

e....er define an existing ob '. c . or , 

s « t. „ - c „ , or are free. 

In the preferred e=oodiient H'0r=- "at 

m ■ Or.. . v. A T can grow dynaaica' W 
» »r. fii. r^, ar . „« edei> cannec 3fri ^ 

global parent. The fflohai „ a 

I10S.1 p, rtnt haJ , ,, lff , ptllt {han 

».,r .t*., and „ ay 6 , resaMea t> a >f3euao _ 

«* - , 6J «ct S55 througrt u „ k 2651 aa ahoun 

J5 o- J55 ar . also wlthin hpohf c<t _ £a5B 
i« "0H,.e.T. Elch 06J .„ 1B HP0Hr . c>7 ^ is Mt 
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"Ellipse" in a menu wi-dow 797 re , u , f , . 

*■ resu.ta in the data wi t *< n 

A3 show- in Figure 51 f K„ 

H< , 3 chan «« both in data 

«H, ,„.,.„„, t .. t .... M>eeut>(i 

r;::rr — — - - ». - — 

oMr 100 looks up aI1 or th 

un " that use the data 
identification nutie p. r , th . n 

° &JeCt ° f the 
13 not active, 0 MF ,00 set, the bit 

VS.NEWDATAANNOUNCED 'or that ,« u . 

•or that i lnk la HPOMF.XRF. When the 

parent o b 1 e ~ t i « , ~ * , 
r! «««» e.1« new dan . 

" i«...„ F . . „. parent 06Ject tBe 
— «... or th . unk for uhlch ti aaaitionji 

data. The parent obleet ...h. 

* ' aeadS 3 Be33a * e to ^e child object 
ir ^ want, the new data displaved m >h 

Pla/H ' In fc he present case 

" " " "«"" ' 7,1. « furtBer 

ascription of th. View s ,.,.,,„„. 

spec.ic.tlons are found i„ 

Append:*,, B, c .nd D. 

«..-t... or t,,. pr , sent lnve „ tlon ia thit Mrert 
'« - an. ...„„,«.,. wlt , chlld Q6jec£7o6 ' 
»»».- .HF ,00. „ ltBout „„„ 0SJ , et ^ Miid 
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MM " »••««.. ». U* ..... , M 

reference naae of tMe Mrk t-^. 

.Ink. child object la.ntlflc, t.n 

»" ,oc , :i tl . er , nslltlon , M ld , ntlfl5itlon of 

link, ,„„ „ Bl c h ctj.ct, lr , lp . volv , a> 

ru. 6o«, „P 0 ,r.P»P, lt „ J3 te m 

»»«0». H P CHP. PBP c, nta l„, . u tl . obJ .„ m< jim< 
»r.P.rtl.. .«.„ ror tB . f , Jt 06Ject propeptitj ^ f 

contained in HPOMF.CAT f»«>. - 

CA '- E4ch r! = "" I" system file 601 

(H?CMr - CAT: (HPOMF.CLS) has , prop.-!., 

fleU ' " d68Cribed — Pr-PTti., field contain 

the fields described i„ Table 6 below: 



Table 6 

D-.DiskLoc Contains the position (byte 

offset) within HPOMF.PRP of the 
property list directory. 

"Props - .. , 

Contains the number of 

properties in the property list. 
This is the number of entries in 
the directory entry array 
described below. 

P o o 1 S ' ze /. 

C f" talna th « combined length of 
•11 the names of the properties 
in the property 11, t, Including 

nu. ll -{;. p " l "*"»« »»Tt« for ea?h 
n"«. This is the size of the 
directory name pool described 
below. 



For each object and for eac, class, at the DirDisfcLoc 
Position i, the HPOMF.PRP fll . l3 th . ppopfptf dlpectory fep 
object or that class. The directory has two major 



/ 
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Valueten 



Val ueDl akLac 



CacheOf f se i 



Portions: the entry array, followed by thf , am# , 

y cne na "e pool . The 

entry array has cr.e entry for ea-h „ 

/ ror ea.h property in the p.-opert 
J. i a t . Each entry h a a ' i - * ,« . 

' 15:iS 3et 0ut ^ Table 7 below: 

Table 7 

Speclf le3 the length in byte, 0 
the associated property -!« 
can be zero. °P« r ty. ihis 

•s«eel.fd property! if' ^ 
ValueLen ls 2eP o, this is 1]sn 
«ro and there i, „ 0 Mlul " 
stored anywhere. 

This field is only used at run 

I».-l.. t .ly following the entry array la th . naafi , 
TK • 3 tne naae pool . 

i — a portion of HPOfr ?«p - 

•■ ?SP "•■■••*'»» «• '«H-t.r.i», t , d na „ e3 
— .... ord . r js 

user comaenta, <ja't an-* *. < - ' 

e an. ti ae of creation, the user who 
created the oblec • t ~ <- 

«>J«e., etc. For more inforaatlon on 

Properties, ,ee Appendix D. 

HPW - P " P ""•«»•«..»*..«..,■. u «. b . ttaBtai 

Of HPOMf.PRp ts , re , ' 

••• 1» . 128 by-.. , l!M , wnlell eontrolj th . 

■"«■"•» - «». rir,« ,o 2 , Pi8 „ of „ P0(<r . pi|p . £ . ch pjg> 
" » i„ It „. Tb ... lD „ edlitely feiiov ^ 

.i..ir le «t bl , or „ ch „ ra U3e3 flr , t . rhus> 6itj i5 



/ 
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When storage in t'-,e 'ip,f m-u 

• irst I0 tf u pages Is Insufficient, 

second bitmap is added to the 'n, < 

-r. e following page 1023. 

™* " at " l » •"•"'•to. or p.„, throu|S 



needed 



dlr * Cto ^ •«< Property v.lu. is stored as a slngl 

^loc, in the file, i.e., as a contiguous run of page, that 

are all allocated i„ the same bitmap. Thla eau ,„ th , 

restriction that no di-ectorv nr . „.•> 

,Ct0Py or value can exceed 32K bytes 
(1024 times 32) in length. 

Systex file 605, HPOMF.IKS, ls also refepred t<j ^ 
STSIHSTL. HPO.r.IKS contains a list of the files that .ere 
copied to the system when each class was installed. This 
information is used so that these file, can be deleted when 
the class is de-installed. 

7». very beginning of HPOMF.IHS i. a double word value 

which serve, as a va 1 i di t y/ ve r ,1 on identifier. r„ the 

preferred embodiment the value a r ^ w, 

vaiue or thl, double word must be 

0101ABCD hex to be valid t„ t,vi a 

valid. in Table 8, thla number i, stored 

aa 3hown because of the protocol, for storage in the 
particular prpcessor used by the preferred embodiment, i.e. 
an 80286 microprocessor made by Intel Corporation. 

Following the double word comes a series of variable 
length records. There is one record for each installed 
class. The first word of each record is the length of the 
rest of t;,e record, in bytes. This 1, followed by the null- 
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terminated class na -« 

33 na3e °' the installs c> ... „. 
tf. r< ». c -a33. Then follows 

CR « file names of t*e r«i.. 

t-e Tiles copied to the dmf -« 

me OMF directories 
!a:h t8 --"inat.d by a „ ui i bvte «„„ * ' 

y ' a0Cl "■•^td by a byte which 
the length of the f ile na . e , , 

including the length byte 
the null teramator. if th . „ , 

" file na = e begins with the 

special character th « r . , 

' the file 1, assumed to be located < 
the H B N WP fi or *< located in 

n.NwpROC directory. j f tha r < . 

fecial ch a ""• b, «i»« with the 

special character * ♦ * m * * ■ , 

„ A= . «•■• - ....... .,.,..,.„... . 1M1 

- .»... -co E -. C1 ... tiuaea two 

-"ry. Cll „ „ coc . Cluse<| , 

;;;:;r 8 — - «. ........ .r. w . IB ,. rlM . 



Table 8 

offset content 

U 0C 00 a l er/vepsi0n check 

Length of AB record ( 12 

6 14 1 u 2 00 decimal) 

9 qh "AB- * Mull 

Length of length byte ». Z - „ 

Length of CDE record ( i 0 
1U «3 tic nn decimal) 

18 06 5 °° " CDE " * ""U 

Length of length byte * -. x „. 
" *A 53 5 8 53 00 ^ X ^\ 
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Sysie. File 6 06, HPOMF.SDF l, al ao referred to as the 
Shutdown fil... HPCKF.SD- exists only when the systea ha, 
been cleanly ahut dcwn . : . t , ^ ^ 

and created a, it ahuta down . Qn Jtaptupf lf mj ^ ^ 

Biasing, 0M~ assumes t»a» r*» 

uoes t..a. the last session ended abnoraally, 

and so it goes through its crash recovery procedures to 
validate and repair the systea files as best it can. The 
systeo, files can be in an invalid but predictable state on a 
crash. These errors are corrected without user 
intervention. Certain other Winds of file consistency 
errors are detected, but are not really possible f P0B an 
-ordinary" 3ys tea crash. These errors are in general not 

correctable and the OMF w« M . *i 

^ w ^" 1 not a. low the system to come up 

in this case . 

If HPOMF.SDF i3 pP „.., t , lt eont , ln$ a ll3t of object3t 
When the system is being ahut d0WB norBally , each QbJect 
which is active at the time can request that the OMF restart 
the* when the systea is restarted. The list of objects, 
then is the list of tags of objects which have requested 
that they be restarted when the systea is restarted. 

The first word in HPOMF.SDF is a flag word. If this 
word is non-r.ro, OMF will execute its cr»sh recovery code 
ever, though HPOMF.SDF exists. Noraal shutdown will set this 

flag when producing * h » f < ' . , + „ 

« " ne rii « *f *one serious error occurred 

in the session being ended. 

After the first word, the rest of the file is a 
sequence of three byte records. The first two bytes of each 



/ 
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record contain the tag of the object to be restored. The 
least significant byte is flr , t . Th , tnlpS byte la ^ ^ 
in the preferred embodiment, and is 2eP o. 

FOf exae > le - if the system is shut down cleanly in th 
last session and two objects, having tags of 2 and 7, 
respectively, have requested restart, the contents of 
HPOMF.SDF will be as set out in Table 9 below. 

Table 9 

offset content 



comments 

° 00 00 Indicates no crash recovery 

needed 

Tag of first object to restart 
Unused and reserved 

7 no TaS ° f secon<1 object to restar- 

Ul - Unused and reserved 



<■ 02 00 

U 00 



System file 7, HP0MFIC0. MWE . is a Microsoft Windows 
dynamic library executable file which contains a dummy entry 
point and no data. Microsoft Windows is a program sold by 
Hicrosoft Corporation, having a business address at 16011 NE 
36th Way, Redmond, WA 98073-9717. RP0MPZCO. NVC also 
contains as "resources" the icons of each installed class. 
0MF modifies HPOMFIC0. MW E directly during run time, and 
loads and unloads it to get the icon resources from it. The 
format of HP0MFIC0 . NW E i, defined in Microsoft Windows 
documentation distributed by Microsoft Corporation. 

Normally working with a view (,.. discussion on views 
above) causes a child-s application to be invoked. Where 
large applications are involved, this can cause a lot of 
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"""""" ° ve ' Beas - Ts * — °' »«.P.>.t, auo. thl, 

overhead to be eiieinated. 

A snapshot i 3 an object that use, executable code fro, 
• -parate library referred fc0 a3 , 

(or DAL) ra the , than using the full appUcation executable 
code. the only dat . rile associated with a snapshot 
contain, data which is to be sent from . ehlld obJect 
parent object. The code which encap Sulites thc data fn# 
•Ithough referred to a 3 a dynamic library, i. , tlll stored 
in directory HPOMFPROC (directory 668). 

For example, Figure fll .how. a parent object 501 llnk . d 
to a chile object 502 through a im* 5 0«. Associated with 

13 a snapshot 50 3 . Once child 0&Ject ha , < eslgnated 
snapshot 50 3 in a view 3 p.ei fiction record for li„ k 5 0U, 
•n.p.hot 503 is able to provide data fro B child object 502 
^ parent 501 without the necessity of invoking an 
application associated with child object 502. 

As shown in Figure 82, when there is no snapshot, child 
object 502 must be active in order to send view data 522 to 
Parent object 50,, in order for parent object 501 to display 
view data 522 in a wi„ dow dl3play Flgupe ^ 

nowever, snapshot 503 is shown to provide, view data 522 to 
Parent object 501 without the necessity of child 502 being 
active. Further implementation details of snapshots are 
Siven is Appendix B , Appendix C and Appendix D. 

Appendix A is a list of major data structures within 

OMF 100. 
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APPendix B i 3 a description of funef , 

or functions which ohf 

interface 599 recognizes in the pre'erre. s 

preferred eobodiaent of the 

present invention. 

the present invention may be i»„ 

7 be l "Pl««nted. including detail as 
to how OMF 100 allows data to be viewed b.* 

" vl « w «d between windows 

displayed on monitor 1 1» . 

Appendix D (Chapter 2 of Pr,. 

i of Programmer's Guide) gives a 

further overview of t k * ~ - * 

-..-ti.„. r.rt„., „ t0 tk . operation of ^ 

■" f,, " ( "»•«■•« =f th. pr .,. Bt ,„.„„... 
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Claims 



2. 



k K ,DU ' e0 " mPU,ef SyS,6m com ^ si "9 • "«»ork of workstations and means for 
tran S m,tt,ng ob,ec !S between workstaoons characterised by ob.ects including a first ob,ect type for 
storing data ano a second ob.ec. type for presenting data to a user, where.n objects of the second type 

u Jrr 'IT* T aSSOC ' a,e0 0D ' eCt * ,he MrSt type ' V - S) t0 enable a P |ufa,i 'V °» users of workstations 
L> ,1 "? ° fc J eCt * ' irSt tyPe - m «ns for transm.tt.ng an ob.ect of the second 

,v c, Z ! L P WOrksta,,ons ,hereb * ,0 crea * a reference t0 the assoc.ated ob,ect of the first type 
iv-s) for each workstation receiv.ng an cbiect of the second type. 

A system according to cla.m . comonsmg means for copying an object of the second type (V-n 
cetween workstations. u iy^e iv 
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4 



A system according to dam l or claim 2 wherein transmuted ob,ec;s of the second type (V-cnncluoe 
an identifier (60) for the associated ociect of the first type (V-s). 

A system according tc any preceding claim ,n the form of a conferencing system comprising means 
enacting users of the workstations to participate .n a meeting over the network wherein obiects cf the 
first type (V-s, store meeting data and ofciects of the second type iV-c) are for presenting meeting data. 

A method of convemng a meeting using a system as claimed in claim 4 comprising transmitting an 
obiect of the second type .v-ci between workstations thereby to create a reference to the associated 
ooiect of tne firs; type <v-si for each workstation receiving an obiect of the second type 
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